L-Asparaginase and L-glutaminase activities were detected in many microorganisms and the distribution of these activities was found to be related to the classification of micro-organisms.
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On: Sun, 30 Dec 2018 08: 13:33 Aniidases in micro-organisms 87 (pH 6.0) used for yeasts and fungi contained (g/l distilled water): sucrose, 30; Polypepton, 5 ; beef extract, 5; yeast extract, 2; malt extract, 2; KH,PO,, 5; K2HP04, 1-5; MgS0,.7H20, 0.5. DP-medium (pH 6.0) used for fungi contained (g/l distilled water): dextrin, 30; Pharmamedia, 40; KH2P0,, 5 ; K2HP04, I -5 ; MgSO,. 7H20, 0.5.
Bacteria, actinomycetes and yeasts were cultivated in 4 ml of media in 14 mm diam. test tubes with shaking. Fungi were cultivated in 8 ml of media in 20 mm diam. test tubes with shaking. Cultivation temperature was 28 "C.
Enzyme preparation. The enzyme activities of bacteria were examined by using whole culture broth as the enzyme preparation. In the experiment shown in Table 2 , bacterial suspension (bacteria harvested from I ml of culture were suspended in I ml of distilled water) and culture filtrate were used as the enzyme preparation. The activities of actinomycetes were examined by using culture filtrate or cell-sonicate (actinomycetes harvested from I ml of culture were suspended in I ml of distilled water, sonically disrupted for 3 min, and cell debris was centrifuged off at 12000 g for 30 min). The activities of fungi were examined by using culture filtrate, and those of yeasts by using whole culture broth as the enzyme preparations.
Assay of L-asparaginase and L-glutaminase. L-Asparaginase was assayed as follows. A reaction mixture containing 0.5 ml of 0.04 M-L-asparagine, 0.5 ml of 0-5 M-buffer, 0.5 ml of an enzyme preparation, and distilled water to a total volume of 2-0 ml was incubated at 37 "C for 30 min. The reaction was stopped by adding 0.5 ml of I -5 M-trichloroacetic acid. Blank tubes were run by adding the enzyme preparation after the addition of trichloroacetic acid. To 3-7 ml of distilled water, 0.1 ml of the above mixtures and 0-2 ml of Nessler's reagent were added. After keeping the mixture at 15 to 20 "C for 20 min, extinction at 450 nm was measured with a Spectronic 20 colorimeter (Schimadzu Bausch & Lomb) using 5 inch cells, and the amount of released ammonia was determined. One international unit (i.u.) of L-asparaginase is the amount of enzyme which liberates I pmol of ammonia in I min.
L-Glutaminase was assayed by using L-glutamine in place of L-asparagine. For the examination of these amidase activities, acetate buffer, pH 5.6, and tris(hydroxy-methy1)aminomethane. HCl buffer, pH 8.4, were used for bacterial enzymes and tris-(hydroxymethy1)aminomethane. HC1 buffer, pH 7-2, for the enzymes of actinomycetes, yeasts and other fungi.
Measurement of growth. Growth of bacteria was expressed in extinction at 600 nm of the cultures, which was measured by a Spectronic 20 colorimeter.
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L-Asparaginase and L-glutaminase activities of bacteria
For the examination of bacterial L-asparaginase and L-glutaminase activities, CSLmedium of Roberts et al. (1968) was chosen, since it generally gave good growth of a variety of bacteria with comparatively high amidase activities. The cultivation period was set at 40 h, since deviation of the amount of growth of bacteria was less at 40 h cultivation than at 16 h without significant difference in the specific activities, which is the activity per growth (see Table 2 ). Whole culture broth was employed as the enzyme preparation, because the total complement of the amidase in the cell could be measured without disrupting cells as judged by preliminary experiments using a number of bacteria, e.g. Escherichia coli (3 strains), Proteus vulgaris, Serratia marcescens, Klebsiella aerogenes, Pseudomonas aeruginosa, Stuphylococcus aureus, Sarcina Iutea, Bacillus subtilis, B. cereus, B. pumilus, B. brevis, 88 Amidases in micro-organisms * One of two strains showed L-asparaginase activity at pH 5.6.
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t One of six strains showed L-asparaginase activity at pH 5.6.
On: Sun, 30 Dec 2018 08:13:33
Amidases in micro-organisms 91 B. licheniformis and B. megaterium. Wade et al. (1971) also pointed out that asparaginase activity in bacterial cells could be assayed without disruption. Thus 464 bacteria were cultivated and L-asparaginase and L-glutaminase activities were measured at pH 5-6 and 8.4. The results, summarized in Table I , show the distribution of the pH 8-4 activities/ml of culture. The activities at pH 5.6 were generally less than at pH 8.4, but the pattern of distribution was almost identical. The distribution pattern obtained when using the specific activities was more or less the same as that shown in Table I .
A large proportion of strains of Pseudomonas species showed L-asparaginase and L-glutaminase simultaneously. These observations confirm the wide distribution of L-asparaginase and L-glutaminase activities in this genus which has been reported previously by de Groot & Lichtenstein (1960), Greenberg et al. (1964) , Ramadan et al. (1964) , El-Asmar & Greenberg (1966) , Peterson & Ciegler (1969b) and Arima et a1 (1972) . Two Pseudornonas putrefaciens strains, like organisms of the Enterobacteriaceae, showed L-asparaginase with little L-glutaminase activities. In this point they differ from other species of Pseudomonas. It was also found that they differ from other Pseudomonas species in possessing nucleoside N-ribosyl transfer activity which occurred rarely in Pseudomonadaceae but was common in Enterobacteriaceae (Imada & Igarasi, 1967) . We suspect some relationship between these red Pseudomonas putrefaciens and the Enterobacteriaceae, especially Serratia species.
Two Spirillum strains showed L-asparaginase activity. Two strains of Sphaerotilus natans showed L-asparaginase activity and one of the two strains showed L-glutaminase activity. In the family Achromobacteraceae strains of Alcaligenes and Achromobacter species showed L-asparaginase or L-glutaminase activity, while Flavobacterium species showed little activity. Arima et al. (1972) indicated the extracellular production of L-asparaginase by Alcaligenes species, Wade et al. (1971) showed the L-asparaginase activities of Alcaligenes species, and Roberts et al. (1972) reported the properties of glutaminase-asparaginase of members of the Achromobacteraceae having antitumour activity.
Most members of the Enterobacteriaceae were active in L-asparaginase but not so active in L-glutaminase. Escherichia coli strains were extraordinarily active in L-asparaginase, and Proteus species also showed strong L-asparaginase activity.
As compared with the above-mentioned Gram-negative bacteria, Gram-positive bacteria were usually less active in the amidases. A few strains among Micrococcus and Brevibacterium species showed these activities, but none was shown among the Staphylococcus, Corynebacterium and Arthrobacter species.
Several strains of Bacillus licheniformis, B. subtilis and B. pumilus, which are included in the B. subtilis group, showed L-asparaginase activity, and for many strains of B. pumilus the level was high. Bacillus megaterium, B. cereus and other Bacillus species showed little activity.
Bacteria which showed comparatively high amidase activities were selected and cultivated for 16 and 40 h in 40 ml of CSL-medium in 200 ml Erlenmeyer flasks and the amidase activities in cells and culture filtrates were examined (see Table 2 ). The activities were always higher in cells cultivated in 200 ml Erlenmeyer flasks than in those cultivated in test tubes.
Strains of Escherichia coli, Proteus morganii, P. vulgaris, P. mirabilis, Pseudomonas juorescens, P. schuylkilliensis, Alcaligenes faecalis and Bacillus pumilus formed more than I i.u./ml of L-asparaginase within the bacteria. Strains of Pseudomonas aureofaciens, P. schuylkilliensis and Alcaligenes faecalis possessed a little L-asparaginase or L-glutamhase activity in their culture filtrates. Amidases in micro-organisms 93 L-Glutaminase activity was also found in cells of Pseudomonas, Spirillum and Brevibacterium species. L-Glutaminase activity was stronger in 40 h-culture bacteria than in I 6 h-culture bacteria, while L-asparaginase activity remained unchanged or was slightly weaker in 40 h-culture bacteria. Therefore, it might be suggested that there exist more than two enzymes which deamidate L-asparagine or L-glutamine. Nikolaev, Evseev, Tyul'panova & Abdumalikov (1969) pointed out the presence of isoenzymes in a pseudomonad. One of the isoenzymes deamidated L-asparagine selectively and another deamidated L-asparagine and L-glutamine.
We have observed that the amidases from various bacteria differ from each other with respect to their pH-activity relationship, heat-stability and substrate specificity. Amidases in micro-organisms 95 
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L-Asparaginase and L-glutaminase activities of Streptomyces and Nocardia L-Asparaginase activity was not detected in the culture filtrates of 261 strains of actinomycetes. Since these strains grow well on media which contain L-asparagine as a single nitrogen source, L-asparagine-metabolizing activity was presumed to be present. When 25 strains of Streptomyces species were cultivated in 40 ml of ST-2 medium in 200 ml Erlenmeyer flasks for 3 days with shaking, L-asparagine andL-glutamine deamidating activities were found in the sonicated preparations from such cultures. Some of the examples are shown in Table 3 . The only other reference to the presence of L-asparaginase in Streptomyces is that by Campbell & Mashburn (1969) , who showed its presence in Streptomyces griseus.
L-Asparaginase and L-glutaminase activities of fungi
Culture filtrates of 5 I 8 organisms of Basidiomycetes, 440 strains of Phycomycetes, 660 strains of Ascomycetes and 2540 strains of Fungi Imperfecti were examined. Amidaseactive strains are listed in Table 4 .
Among strains of Fungi Imperfecti, all strains of Fusarium species formed L-asparaginase. L-Asparaginase activity was also detected in culture filtrates of a number of Penicillium species. In the culture filtrates of strains of Penicillium clavgorme and P. expansum, L-asparaginase occurred frequently. Arima et al. (I 972) also reported the presence of L-asparaginase in the culture filtrate of P. claviforme.
Strains of Tilachlidium humicola and Verticillium malthousei, organisms of Fungi Imperfecti formed L-asparaginase and L-glutaminase.
Among strains of Ascomycetes, the genera Hypomyces and Nectria, which are the perfect stage of the genus Fzismium, formed L-asparaginase. Therefore the ability of extracellular formation of L-asparaginase is a common property in Fusarium and its related genera. Several other species of Ascomycetes also formed L-asparaginase or L-glutaminase.
Basidiomycetes and Phycomycetes showed little growth under our culture conditions and enzyme activities were not detected in their culture filtrates.
L-Asparaginase and L-glutaminase activities of yeasts
Among I 326 yeasts, L-asparaginase or L-glutaminase activity occurred in about I 2 yo of them. The distribution of the activities was closely related to the classification, especially to the serological classification by Tsuchiya (1967) . The results are summarized in Table 5 .
L-Asparaginase activity occurred frequently in yeasts which are serologically grouped into the VI or Hansenula group, and included Candida utilis, C. pelliculosa and many strains of Hansenula, the Cryptococcus group and the Rhodotorula group. Several yeasts of the Cryptococcus and Rhodotorula groups possessed L-glutaminase together with L-asparaginase. Sporobolomyces species which are serologically related to Rhodotorula species frequently showed L-asparaginase activity.
That Hansenula jadini is regarded as the perfect stage of Candida utilis was reflected in the fact that all the strains of these two species possessed L-asparaginase.
Yeast strains forming L-glutaminase alone were found in Candida scottii, which has a heterobasidiomycetous stage named Leucosporidium (Fell, Statzell, Hunter & Phaff, I 969) , in Cryptococcus albidus and C. laurentii.
Extracellular formation of L-asparaginase by Candida utilis and Rhodotorula rosa was reported by Arima et al. (1972) . We have also observed L-asparaginase in culture filtrates of Hansenula jadini, Rhodotorula rubra, Cryptococcus albidus, Sporobolomyces roseus and some other strains as well as in the culture filtrate of Candida utilis.
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Saccharornyces cerevisiae is known to possess L-asparaginase (Gorr & Wagner, 1932; Grassmann & Mayr, 1933; Greenberg et al. 1964) , but under our experimental conditions the activity was detected in only one of 57 strains.
In spite of the presence of a number of investigations on microbial L-asparaginase and L-glutaminase, the correlation between their distribution and microbial classification has not been discussed. Having studied systematically the occurrence of the activities in a wide variety of micro-organisms we have observed that the amidase activities are concentrated in certain taxonomic groups of bacteria, fungi and yeasts. Such evidence may be valuable in understanding to what extent the current classification, which is mainly based on morphology and so some extent on physiology, is correlated with biochemical characteristics. It may also help in selecting microbial sources of enzymes.
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